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ABSTRACT 

Developments  leading  to  the  establishment  of  precision  RF  firing 
evaluation  techniques  are  set  forth  in  this  final  summary  report.  The 
RF  sensitivity  of  the  MARK  1  MOD  0  squib  and  MARK  2  MOD  0  ignition  element 
has  been  determined  by  these  newly  developed  precision  firing  techniques.  . 
Data  from  5  to  1000  Me  CW  are  obtained,  differing  little  from  the  dc 
power  sensitivity  determined  from  10-second  constant  current  pulse  data. 

Many  developments  preceded  the  actual  tests.  Studies  of  system 
losses  indicated  that  special  matching  devices  would  be  desirable,  for 
limiting  to  reasonable  values  the  power  lost  in  the  RF  plumbing.  As  a 
consequence,  a  novel  shorted  stub  was  developed  for  use  at  the  higher 
frequencies.  Low-loss  lumped-parameter  timing  networks  were  fabricated 
for  the  lower  frequencies.  Toward  this  same  end,  the  design  and 
construction  of  the  fixture  for  mounting  the  initiator  under  test  was 
given  special  attention. 

Results  withNprecision  never  before  duplicated  were  obtained 
by  use  of  a  special  calibration  procedure  that  was  developed.  A  photo- 
conductive  cell  is  focusea  onto  the  exposed  bridgewire  of  the  device 
to  be  tested  and  its  response  is  calibrated  against  a  steady-state  dc 
power  input.  Following  this,  RF  is  fed  to  the  same  device  and  the  ratio 
of  the  RF  to  dc  level  for  the  same  bridgewire  illumination  is  taken  as 
the  system  calibration  factor.  In  so  doing,  all  losses  between  the  point 
at  which  we  measure  input  RF  power  and  the  bridge  element  are  lumped. 
Because  of  this  it  is  important  first  to  evaluate  the  losses  in  the  plug 
or  base  of  the  initiator,  and,  then  with  this  to  correct  the  system 
calibration  factor.  For  the  two  items  evaluated  no  detectable  base  loss 
was  evident  up  to  1000  Me. 


i 


THE  FRANKLIN  INSTITUTE  •  Lgbonttariu  for  Rtmrtk  mi  Dmtdopmmt 

F-B10O5 

TAB IE  OF  CONTENTS 

bts. 

ABSTRACT .  i 

1.  INTRODUCTION .  1 

2.  INVESTIGATIONS  OF  FIRING  SYSTEM  LOSSES .  2 

2.1  Losses  Determined  by  Use  of  Thermocouple  Loads  .  .  3 

2.2  Infrared  Detector  Above  a  Bridgewire  for  Loss 

Determination.  ....  .  6 

2.3  Photo-Conductive  Cell  for  Loss  Determination  ...  7 

2.4  Evaluations  of  Losses  Attributable  to  the  Squib  or 

Ignition  Element  .  8 

3.  FIRING  SYSTEM  AND  INSTRUMENTATION  DEVELOPMENTS .  10 

3.1  Matching  Systems .  11 

3.1.1  A  Novel  Adjustable  Shorted  Stub  .  11 

3.1.2  An  Expedient  Shorted  Stub  Adjustable  Line 

Matching  System .  12 

3.1.3  Low  Frequency  Matching  Systems .  15 

3.2  Firing  Mounts .  17 

3.3  Output  Indicator  and  Power  Supply  for  Clairex 

Cell .  18 

3.4  Calorimeter  Power  Reference  Source .  23 

4.  DETERMINATION  OF  SYSTEM  LOSS  FACTOR;  SYSTEM  CALIBRATION  27 

5.  RF  SENSITIVITY  TESTS  OF  MARK  1  MOD  0  SQUIB  AND  MARK  2 

MOD  0  IGNITION  ELEMENT .  30 

6.  CONCLUSIONS  AND  RECOMMENDATIONS .  33 

ACKNOWLEDGEMENTS .  36 

APFENDIX  A  -  Systems  Calibration  Data . A 

APPENDIX  B  -  Bruceton  Data  and  Analysis  Forms .  B 

APPENDIX  C  -  Denver  Research  Institute  Simulator  Tests.  C 


ii 


THE  FRANKLIN  INSTITUTE  .  Laboratories  for  fruordt  and  Dmdopmm* 


7-KL805 


2-1 

2-2 

3-1 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

3-9 

3-10 

3-11 

3-12 

3-13 

3- 14 

4- 1 

Tafelfl-Ha.. 

4- 1 

5- 1 


LIST  OF  FIGURES 


Percent,  of.  Incident  Power  into  Thermocouple  Versus 


Heater  Resistance  (load) .  5 

Comparison  of  Standard  and  "Lossless"  MARK  2  MOD 
0  Ignition  Element.  . .  10 

Adjustable  Shorted  Stub  -  Disassembled .  13 

Close-up  of  Collets  for  Adjustable  Short.  ...  13 

Matching  System  Employing  the  Shorted  Stub  and 
Section  of  Adjustable  Air  Line .  14 

Theoretical  Circuit  for  Matching  MARK  2  Ignition 
Element  at  Low  Frequencies .  15 

A  Typical  Lumped  Element  Matching  Network  ...  17 

Cross  Section  of  MARK  2  MOD  0  Firing  Mount.  .  .  19 

Firing  Mount  and  Riotocell  Housing .  19 

Adapter  Farts  for  Accommodating  MARK  1  MOD  0 
Squib .  20 

Firing  Mount  and  Photocell  Housing  (Adapted  for 
MARK  1  MOD  0  Squib) .  20 

Clairex  Cell  Output  Indicator  and  Power  Supply.  21 

Schematic  Diagram  -  Clairex  Cell  Output  Indicator 
and  Power  Supply .  22 

Simplified  Circuit  of  HP  Model  434A  Calorimetric 
Power  Meter .  24 

Diagram  of  Calorimeter  Calibrator  Circuit  ...  26 

Change  in  Load  Power  for  Change  in  Load 
Resistance .  27 

Basic  Arrangement  for  Firing  System  Calibration  28 

list  of  Tables 


l 


System  Loss  Factors .  29 

RF  Sensitivity  of  MARK  1  MOD  0  Squib  and  MARK 
2  MOD  0  Ignition  Element .  31 


iii 


THE  FRANKLIN  INSTITUTE  .  Laboratories  far  Rmarck  and  Dmnlapmmt 


P-BI805 


1.  INTRODUCTION 

The  purpose  of  this  program  was  to  determine  the  KF  sensitivity 
over  a  wide  range  of  frequencies  of  the  MARK  1  Squib  and  the  MARK  2  MOD  0 
Ignition  Element  with  an  error  of  less  than  5%.  The  plan  required  the 
development  and  careful  calibration  of  suitable  systems  of  instrumentation. 
The  test  procedure  was  to  use  the  Bruceton  routine  wherein  power  is  the 
variable  and  each  initiator  is  tested  at  one  of  several  predetermined 
power  levels;  the  particular  level  for  each  being  one  step  higher  or 
lower  depending  upon  whether  the  preceding  result  was  a  non-fire  or  fire 
respectively.  By  following  this  procedure,  testing  randomly  sampled 
groups  of  40-100  initiators  at  each  of  several  frequencies  we  can  derive 
a  curve  of  RF  power  versus  frequency. 

In  the  early  days  of  the  program,  exhaustive  tests  were  performed 
to  evaluate  losses  in  various  matching  devices,  over  a  frequency  range  of 
250  to  500  megacycles:  Experimental  tests  were  supplemented  with 
theoretical  studies  of  impedance  matching,  which  led  to  the  conclusion 
that  large  system  losses  are  inevitable  when  matching  into  loads  having 
a  small  resistive  component  or  large  reactive  components.  Acknowledging 
that  system  losses  of  50  per  cent  or  more  were  unavoidable,  we  proceeded  to 
assemble  and  test  practical  systems  for  firing  the  two  items  being  studied . 

Calibrated  RF  thermocouples  were  used  in  the  first  attempts 
to  evaluate  system  losses.  These  thermocouples  were  useful  for  comparing 
the  relative  losses  of  different  matching  systems.  It  was  soon  realized, 
however,  that  a  better  way  to  determine  absolute  system  loss  would  involve 
determination  of  the  RF  power  actually  reaching  the  bridgewlre  of  the 
ignition  element  or  squib  under  test.  This  was  done  by  means  of  photo- 
conductive  cells  mounted  above  the  bridgewire  of  an  inert  device. 
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The  system  loss  evaluation  technique  above  has  one  inherent 
source  of  error,  in  that  the  losses  in  the  base  of  the  ignitioft  element 
are  included  in  the  loss  factor  obtained.  Base  losses,  if  present, 
should  not  be  included  in  the  loss  factor. 

Several  experiments  were  made  to  determine  the  loss  in  the 
base  of  the  MARK  2  MOD  0  ignition  element  at  250  megacycles.  No 
numerical  values  were  obtained  since  the  losses  were  too  small  to  measure. 
For  frequencies  below  1000  Me,  therefore,  it  is  sufficiently  accurate 
to  ignore  the  base  loss.  A  Bruceton  test  is  conducted  and  a  figure  for 
system  input  power  for  50/S  functioning  obtained.  Multiplication  of  the 
system  input  power  by  the  system  efficiency  factor  gives  a  calculated 
value  for  the  power  at  the  bridgewire.  The  value  for  calculated  power 
to  the  bridgewire  should  remain  essentially  the  same  for  all  frequencies 
provided  no  factor  other  than  bridgewire  temperature  causes  initiation. 

A  valuable  consequence  of  these  studies  was  the  evidence  ac¬ 
cumulated  to  show  that  stock  radio  frequency  components  (shorted  stubs 
in  particular)  were  not  ideally  suited  to  precision  firing  systems.  This 
discovery  resulted  in  extensive  development  of  components,  not  originally 
contemplated  in  the  scope  of  this  project. 

2.  INVESTIGATIONS  OF  FIRING  SYSTEM  LOSSES 

The  accuracy  of  EED  RF  functioning  sensitivity  evaluation 
depends  upon  the  degree  to  which  it  is  possible  to  resolve  the  power 
delivered  to  the  items  being  tested.  Firing  systems  which  feed  known 
amounts  of  power  into  a  matched  termination  will  yield  accurate  results 
only  if  the  hardware  between  the  load  (EED)  and  the  point  at  which  the 
power  is  introduced  can  be  considered  lossless.  As  these  elements 
become  lossy  —  that  is,  as  their  dissipation  of  power  becomes  sig¬ 
nificant  in  relation  to  the  power  dissipated  by  the  load  —  the  accuracy 
of  resulting  data  is  correspondingly  reduced.  However,  if  the  amount  of 
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power  lost  in  these  parts  can  be  determined  with  certainty  equal  to  that 
associated  with  the  measurement  of  input  power,  we  can  deduce  the  power 
delivered  to  the  EED  with  comparable  accuracy. 

A  two-prong  program  was  initiated  early  in  the  study  to  select 
the  most  effective  matching  system  and  to  specify  its  loss  with  reasonable 
accuracy.  Since  the  loss  would  probably  be  related  to  the  magnitude  of 
the  terminating  impedance,  we  planned  tests  using  UHF  vacuum  thermocouples 
of  varying  resistance  as  loads  to  investigate  low  frequency  losses.  For 
tests  at  higher  frequency,  above  the  limit  for  the  thermocouples,  we 
employed  thermal  radiation  detectors  whose  response  was  calibrated  to 
be  proportional  to  the  power  dissipated  in  the  bridgewlre  of  the  EED  to 
be  evaluated. 

2.1  Losses  Determined  by  Use  of  Thermocouple  Loads 

Loss  measurements  on  impedance  matching  devices  were  initially 
restricted  to  the  frequency  range  of  250  to  500  megacycles.  The  results 
were  to  serve  as  a  guide  for  an  intelligent  approach  to  the  more  difficult 
range  extending  up  to  1000  Me,  and  beyond. 

Stub  stretchers,  double  stub  tuners  and  triple  stub  tuners  are 
made  up  from  various  combinations  of  adjustable  stubs  and  line  sections, 
and  are  almost  universally  employed  for  impedance  matching  at  frequencies 
above  200  megacycles.  A  line  stretcher,  which  is  an  adjustable  length 
of  coaxial  line,  is  ordinarily  inserted  as  a  series  component .  An 
adjustable  stub  is  a  variable  length  of  coaxial  line  which  is  shorted 
at  one  end  and  must  of  necessity  be  employed  as  a  shunt.  Open  circuit 
stubs  are  seldom  used  because  of  radiation  problems  at  the  open  end. 

These  devices  utilize  the  principle  of  combining  series  and  shunt  coaxial 
impedance  elements  to  produce  a  match  between  the  load  and  source  impedance. 
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An  experiment  was  designed  to  determine  the  relative  losses 
of  several  types  of  coaxial  matching  devices.  A  double  stub  tuner, 
a  stub  stretcher  and  an  assortment  of  line  stretchers  and  shorted  stubs 
were  available  for  tests.  Six  coaxially  mounted  UHF  vacuum  thermocouples 
were  employed  as  load  terminations.  The  nominal  values  of  dc  heater 
resistance  for  these  thermocouples  are  50,  9,  2,  0.6,  0.4  and  0.2  ohms. 

An  additional  experiment  was  designed  to  determine  the  amount 
of  power  delivered  to  each  of  the  thermocouples  without  matching.  Data 
from  this  experiment  were  used  to  calculate  an  unmatched  voltage 
standing  wave  ratio  (VSWR)  for  each  thermocouple.  The  aim  was  to 
determine  the  correlation  between  the  unmatched  VSWR  and  the  power 
delivered  to  the  thermocouples  when  matched. 

Details  of  this  evaluation  may  be  found  in  report  Q-B10O5-2 . 
Figure  2-1  is  included  here  to  show  the  nature  of  the  results.  Of  the 
several  matching  systems  examined,  the  stub  stretcher  showed  the  least 
loss  in  these  tests.  The  figure  suggests  that  we  may  expect  about  35JC 
system  losses  for  loads  comparable  to  the  MARK  1  MOD  0  (1.0  ohm)  and 
70  to  805?  for  the  MARK  2  MOD  0  (0.1  ohm),  in  the  300  to  500  Me  frequency 
range. 

The  dotted  curves  included  in  Figure  2-1  indicate  the  nature 
of  losses  that  would  result  if  we  failed  to  match  these  loads.  From 
these  data  we  determined  an  estimate  of  VSWR  which  was  to  be  compared 
to  that  value  computed  on  the  basis  of  impedance  measurements.  However, 
when  the  impedance  measurements  were  made  it  became  apparent  that  the 
thermocouples'  impedances  at  these  higher  frequencies  were  in  no  way 
similar  to  the  impedances  expected  of  the  EED  terminations.  Accordingly 
it  was  presumed  that  the  system  loss  data  acquired  in  this  manner  could 
not  be  relied  upon  to  give  the  needed  accuracy.  Emphasis  was  therefore 
shifted  to  examination  of  photodetector  techniques. 
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2.2  Infrared  Detector  Above  a  Bridgewire  for  Loss  Determination 

It  appeared  reasonable  that  an  infrared  detector  mounted  above 
and  close  to  a  heated  bridgewire  should  have  a  response  related  to  heat 
energy  from  the  wire.  It  should  make  no  difference  whether  the  wire  is 
energized  by  dc  or  RF  power,  if  the  wire  has  a  small  diameter  and  a 
length  which  is  short  compared  with  the  wavelength  of  the  applied  RF 
energy.  These  assumptions  were  experimentally  validated  before  this 
technique  was  accepted  for  use. 

We  know  from  the  experience  gained  with  thermocouple  loads 
that  matching  losses  could  be  made  negligible  at  250  megacycles  for  a 
load  of  approximately  50  ohms.  On  the  other  hand,  we  had  been  unable 
to  prevent  excessive  losses  when  matching  a  0.2-ohm  load.  Therefore, 

we  could  be  reasonably  certain  that  the  method  was  sound  if  the  detector 

• 

above  a  50-ohm  wire  provided  equal  indications  for  equal  powers  of  dc 
and  RF  excitation. 

The  instrumentation  was  designed  around  a  pair  of  Kodak  Ektron 
infrared  detectors,  type  N-l,  mounted  on  a  common  heat  sink  to  provide 
temperature  compensation.  One  cell  is  exposed  directly  to  a  radiating 
source  while  the  other  is  shielded. 

The  photo-conductive  cells  were  connected  as  opposing  arms  of 
an  ac  resistance  bridge  with  a  1000-cps  excitation  voltage .  Relative ' 
output  of  the  infrared  detector  is  indicated  by  balancing  the  bridge 
and  reading  a  calibrated  dial. 

The  infrared  detector  mount  provides  a  means  for  placing  the 
cell  in  the  best  position  relative  to  the  bridgewire.  One  end  of  the 
device  under  test  is  installed  in  an  adapter  fitting  for  RF  input.  The 
other  end,  with  the  bridgewire  exposed,  is  put  into  an  opening  in  the 
detector  mount. 
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As  was  previously  mentioned,  this  measuring  technique  would 
be  valid  if  equal  amount  of  RF  and  dc  power  in  a  50-ohm  bridgewire  would 
give  equal  output  from  the  detector.  A  value  of  exactly  50-ohms  could 
not  be  obtained;  instead,  a  wire  measuring  79  +  3  16.5  ohms  at  250  Me  was 
employed . 

Several  tests  with  the  79-ohm  wire  indicated  an  efficiency  of 
95  per  cent  at  250  megacycles.  This  efficiency  was  derived  from  the 
ratio  of  the  dc  power  to  the  RF  power  required  for  unity  output  of  the 
detector.  Since  some  loss  was  expected  when  matching  79-ohms  instead 
of  50-ohms,  the  figure  of  95  per  cent  efficiency  was  considered  to 

indicate  a  confirmation  of  the  infrared  method. 

• 

Additional  tests  were  made  with  bridgewires  having  dc  resistances 
of  0.28  and  0.40  ohms.  The  efficiency,  using  a  stub  stretcher,  varied 
between  60  and  65  per  cent.  These  tests  were  conducted  with  RF  power 
of  300  milliwatts. 

The  system  used  in  these  prelim! nary  experiments  of  photo¬ 
conductor  techniques  was  not  ideally  adaptable  to  RF  firing  system 
requirements.  However,  indications  were  that  the  technique  was  feasible. 
While  considering  the  needs  for  modifying  the  IR  system  to  this  new  use 
it  was  decided  to  investigate  other  photoconductors  such  as  the  Clairex 
photoconductive  cell.  This  cell  was  found  to  be  more  suited  to  the  task 
of  systems  loss  evaluation  than  were  the  cells  tried  first. 

2.3  A  Photo-Conductive  Cell  For  Loss  Determination 

From  a  number  of  photoconductors  a  Clairex  Type  404  photo- 
conductive  cell  whose  spectral  response  peaks  at  6900  angstroms,  and  is 
down  30  per  cent  at  63 00  and  9000  angstroms,  was  selected.  The  cell  was 
mounted  in  a  light-tight  aluminum  cover,  which  was  designed  to  be  easily 
slipped  on  and  off  the  firing  mount. 
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We  planned  to  operate  the  heated  brigewire  at  a  temperature 
Just  below  the  vieible  glow  point.  Because  of  the  high  output  obtained 
from  the  cell  at  this  temperature,  an  ordinary  ohnsneter,  such  as  a 
Triplett  Model  630  multimeter,  was  adequate  for  initial  output  indication. 
The  resistance  of  this  Clairex  cell  decreases  from  more  than  20  megohms 
when  dark  down  to  about  500  kilohms  for  the  bridgewire  temperatures 
involved  in  our  tests. 

We  exposed  the  detector  above  a  50-ohm  heater  in  a  matched  HF 
system  to  prove  again  that  the  method  was  valid.  A  length  of  high 
resistance  wire  was  installed  on  a  MARK  2  ignition  element  plug  assembly 
(not  on  the  50-ohm  line  as  was  done  in  the  previous  experiment)  in  place 
of  the  low  resistance  bridgewire.  The  effective  series  RF  impedance  of 
this  wire  was  31— J  10.5  ohms  at  250  megacycles. 

The  ignition  element,  with  the  31-ohm  bridgewire,  was  installed 
in  the  firing  mount  and  matched  with  a  stub  stretcher  at  250  megacycles. 
The  ratio  of  the  dc  power  to  the  RF  power  required  for  equivalent  output 
of  the  photo-detector  was  96.5  per  cent.  This  was  assumed  to  be  near 
enough  to  100  per  cent  to  prove  the  technique  was  valid.  We  should  expect 
a  loss  of  at  least  3  •  5  per  cent  with  a  load  of  31—;}  10.5  ohms . 

This  Clairex  photo-cell  and  housing  was  used  for  all  of  the  . 
system  calibrations  performed  in  this  study. 

2.4  Evaluations  of  Losses  Attributable 
to  the  Squib  or  Ignition  Element 

The  calibration  procedure  to  be  described  in  the  following 
section  assumes  that  the  items  to  be  tested  have  no  inherent  loss  at 
the  test  frequencies.  The  total  power  entering  the  base  of.  the  items 
is,  therefore,  propagated  to  the  bridgewire. 
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This  assumption  appeared  to  be  valid  since  attempts  to  determine 
the  loss  associated  with  both  the  MARK  1  squib  plug  or  the  MARK  2  ignition 
element  base  gave  indication  of  small  power  loss. 

Attenuation  measurements  through  the  base  of  the  MARK  1  MOD  0 
squib  were  made  at  250,  500  and  1000  megacycles  and  values  between  zero 
and  0.2  db  were  obtained.  In  some  cases  the  0.2  db  value  was  for  250 
megacycles,  and  the  zero  db  figure  was  at  1000  megacycles.  This  indicates 
that  the  attenuation  is  too  low  to  be  determined  by  the  measuring 
equipment . 

Similar  results  were  obtained  for  MARK  2  MOD  0  ignition  elements. 
These  were  measured  at  500  and  1000  megacycles  only.  No  values  higher 
than  0.1  db  were  recorded  for  the  attenuation  through  the  base  of  the 
ignition  element. 

In  section  2-3,  an  efficiency  of  96. 5%  at  250  megacycles  was 
cited  for  an  element  with  a  31-ohm  bridgewire ;  this  indicates  that 
attenuation  through  the  plug  cannot  be  very  great  at  that  frequency. 
However,  we  wished  to  be  certain.,  that  .the  greater  part  of  the  3-5%  powwr 
loss  was  not  expended  in  the  plug. 

Reference  to  Figure  2-2  (a)  will  give  some  idea  of  the  complexity 
of  the  various  thin  sections  of  dielectric  materials  in  the  base  of  the 
MARK  2  ignition  element.  A  simulated  element  was  constructed  to  have 
the  same  outside  physical  dimensions  and  bridgewire  resistance  as  a 
standard  MARK  2.  Its  losses  were  expected  to  be  less  than  those  of  the 
standard  because  of  the  use  of  a  polystyrene  insulator  in  place  of  the 
thin  nylon  insulators  and  the  mica  washer.  The  dimensions  were  such 
that  the  characteristic  impedance  of  the  base  is  50-ohms  up  to  the  point 
of  bridgewire  attachment.  A  drawing  of  this  simulant  is  given  in 
Figure  2-2  (b). 
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(a)  Standard  Mark  t  Mod.  0  Clamant  with  Exptoaiva 
and  Fart  of  Outar  Cato  ftomovod 


(b)  mLoooI«mh  Simwlatod  Mark  2  ModO  Clamant 


FHS.  2-2.  COMPARISON  OF  STANDARD  AND  “LOSSLESS"  MARK l  MODO  IGNITION  EIFHFNT 


i 


f 

I: 


The  purpose  of  the  unit  was  to  serve  as  a  reference  for 
comparison  with  a  group  of  standard  MARK  2  ignition  elements.  Losses 
exhibited  by  the  standard  item  could  then  be  attributed  to  the  base. 

At  250  Me  there  was  no  significant  difference  between  the  two  systems. 

3.  FIRING  SYSTEMS  AND  INSTRUMENTATION  DEVELOPMENTS 

Results  of  our  investigation  into  system  losses  led  to 
consideration  of  means  for  their  reduction,  if  not  their  total 
elimination.  Accordingly  a  number  of  development  efforts  were  initiated. 

Though  we  had  performed  firing  tests  prior  to  the  inception 
of  this  program,  using  stock  RF  components,  we  did  so  without  the  full 
realization  of  the  magnitude  of  the  losses  thereby  introduced.  We  had 
suspected  that  our  systems  were  far  from  ideal,  but  not  so  far  as  the 
evidence  accumulated  in  this  program  indicated  to  us.  To  effect  an 
improvement ,  we  designed  a  special  adjustable  shorted  stub,  and  took 
every  precaution  to  keep  the  length  as  short  as  possible,  so  that  losses 
would  be  minimized. 
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Similarly  we  took  especial  care  in  designing  mounts,  to 
eliminate  probable  causes  for  loss.  Selection  and  calibration  of 
instrumentation,  likewise,  was  made  with  an  awareness  of  the  rigorous 
demands  of  this  totally  new  concept  of  precision  firing.  As  a  consequence 
valuable  knowledge  was  acquired,  but  more  importantly,  reliable  systems 
became  available  and  were  used  to  perform  RF  firing  evaluations  with 
precision  not  previously  obtainable . 

3.1  Matching  Systems 

Our  initial  system  loss  evaluations  (see  Section  2)  indicated 

that  commercially  available  matching  sections  were  responsible  for  unduly 

high  system  losses.  Their  chief  drawback  may  be  attributed  to  one  or 

*  .  . 

both  of  two  shortcomings  in  design:  (1)  The  use  of  sliding  contacts 
which  either  become  dirty  or  lose  their  tension  and  thus  give  "high 
resistance"  contact,  or  (2)  because  of  the  need  for  spring  or  finger 
contacts,  the  minimum  stub  length  is  unreasonably  long.  To  offset  these 
effects,  we  designed  a  unique  shorted  stub, which  was  the  outgrowth  of  an 
arrangement  assembled  to  fire  one  test  at  250  Me. 

For  the  lower  frequencies  stub  tuners  become  unwieldy,  and  it 
is  necessary  to  resort  to  lumped  parameter  networks  to  perform  the 
matching  task. 

3.1.1  A  Novel  Adjustable  Shorted  Stub 

The  novelty  of  our  shorted  stub  lies  first  in  the  fact  that 
it  may  be  adjusted  from  60  cm  down  to  a  length  approaching  zero  and 
second  in  the  unusual  arrangement  of  collets  which  provide  the  actual 
short  circuiting  conductance  across  the  line .  A  third  feature  is  the 
provision  of  an  external  knob  which  allows  the  collets  to  be  positively 
locked  in  any  desired  position.  A  micrometer  adjustment  for  fine 
positioning  is  also  included. 

_ 

For  our  purpose  they  are  shortcomings;  for  their  ordinary  intended 
use,  the  consequences  may  be  not  serious,  and  this  may  be  an 'unjust 
accusation. 
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Figure  3-1  is  a  view  of  ‘the  adjustable  shorted  stub,  partially 
disassembled  to  expose  some  of  the  inner  constructional  details.  It 
consists  basically  of  a  70-cm  length  of  coaxial  air  line  (outer  and  inner 
conductor)  and  an  assembly  containing  the  shorting  slug  which  is  inserted 
within  the  coaxial  line.  The  70-cm  line  is  so  constructed  that  it  may 
be  attached  to  the  junction  port  of  a  coaxial  tee  fitting  in  such  a  way 
as  to  form  a  smooth  continuation  of  the  outer  and  inner  conductors  of 
the  tee. 

The  shorting  slug  consists  of  two  concentric  silver  plated 
collets.  The  outer  collet  has  an  internal  taper  which  is  a  mating  fit 
with  the  external  taper  of  the  inner  collet.  When  the  inner  collet  is 
drawn  up  into  and  flush  with  the  outer  collet,  the  locking  action  forces 
the  contacting  fingers  against  both  the  inner  and  outer  conductor.  The 
intimate  contact  between  the  tapered  surfaces  of  the  collets  combines 
with  finger-spreading  collet  action  to  create  a  plane  of  high  conductance 
across  the  line  at  the  junction  of  the  coaxial  tee.  Figure  3-2  is  a 
close-up  view  of  the  collets  in  the  condition  just  described. 

Figure  3-3  is  a  view  of  the  completely  assembled  shorted  stub 
with  a  section  of  adjustable  air  line  attached  for  matching  the  MARK  1 
MOD  0  squib  at  250  megacycles.  A  longer  adjustable  line  is  shown  just 
below  the  main  assembly,  and  a  short  adjustable  line  at  the  bottom  of 
the  figure.  These  components  can  be  interchanged  as  required. 

3.1.2  An  Expedient  Shorted-Stub  Adjustable  Line  Matching  System 

One  attempt  to  solve  an  immediate  matching  problem  was  to 
assemble  an  adjustable  line  and  a  type  "N"  tee  junction  with  a  shorting 
cap  screwed  on  one  of  the  ports.  This  formed. a  simple  stub  stretcher 
with  a  fixed  stub  and  an  adjustable  line.  A  trial  showed  that  this 
"tuner"  could  almost  match  a  MARK  2  ignition  element  inserted  in  the 
firing  mount.  A  slight  modification,  to  bring  the  shorting  cap  a 
little  closer  to  the  line  junction,  produced  a  match  with  a  ratio  of 
incident  to  reflected  power  of  better  than  200  to  1. 
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W  3-1.  CLOSE-UP  OF  CCLUrS  FOR  AMUSTA9U  SHQKT 
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Tests  with  a  number  of  ignition  elements  suggested  that  a 
fixed  shorted  stub  and  an  adjustable  line  stretcher  would  produce  an 
acceptable  match  for  any  of  the  MARK  2  ignition  elements  at  250  megacycles. 
Furthermore,  the  system  appeared  to  be  exceptionally  stable  compared 
with  previous  systems.  Consequently  this  arrangement  was  used  to  fire 
the  250  Me  test  of  the  MARK  2  MOD  0  ignition  elements  while  the  adjustable 
stub  was  being  developed. 

3.1.3  Low  Frequency  Matching  Systems 

At  frequencies  df  5  and  30  megacycles,  impedance  measurements 
show  that  we  may  assume  that  the  real  part  of  the  impedance  of  the  MARK  2 
ignition  element  corresponds  to  the  dc  resistance  of  the  bridgewire.  The 
bridgewire,  normally  0.1  ohms  when  cold,  is  about  0.14  ohms  when  heated 
to  a  dull  red. 

Figure  3-4  is  a  theoretical  circuit  for  matching  a  MARK  2  ignition 
element  to  a  50-ohm  line.  The  values  of  reactance  required  for  matching 
were  obtained  by  substitution  in  equations  (3-1)  end  (3-2)  . 


I- 
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Rtt+jO 

(0.140) 


F!0. 3-4.  THEORETICAL  CIRCUIT  FOR  HATCHING  MARK  t  ISNITK3N  ELEMENT  AT  LOW  FREQUENCIES 
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These  equations  yield  almost  equal  values  of  2.65  and  2.64  ohms  for  X^ 
and  X2>  At  5  megacycles,  a  capacitor  of  0.012  microfarads  and  an 
inductor  of  0.032  microhenries  are  required  for  the  calculated  reactances 
of  2.65  ohms.  At  30  megacycles,  the  component  values  are  0.002 
microfarads  and  O.OI36  microhenries. 

The  equations  from  which  we  calculated  X^  and  X2  assume  that 
the  load  has  no  reactance.  The  load  in  Figure  2-2  is  therefore  denoted 
as  R  +  jo  which  in  the  case  of  the  MARK  2  element  is  approximately  0.14 
ohms.  The  net  reactance  of  the  load  will  modify  the  calculated  value  of 
X2,  however,  this  will  not  be  considered  here  since  the  exact  value  of 
X2  will  be  obtained  empirically  in  actual  practice. 

Similar  calculations  were  made  to  determine  the  theoretical 
values  of  components  required  for  matching  the  MARK  1  MOD  0  squib  at  5 
and  30  megacycles.  The  nominal  dc  resistance  of  the  squib  bridgewire 
is  1  ohm  (cold)  and  about  1.4  ohms  when  heated  to  a  dull  red.  The  cal¬ 
culated  values  for  X^  and  X2  are  8.49  and  8.24  ohms  respectively.  At 
5  megacycles,  these  reactances  may  be  obtained  with  a  capacitor  of 
0.00375  microfarads  and  an  inductor  of  0.262  microhenries.  At  30 
megacycles,  these  values  become  0.000625  microfarads  and  0.0436  microhenries. 

The  matching  networks  used  in  the  firing  of  the  squib  and 
ignition  elements  were  simple  combinations  of  inductive  and  capacitive 
elements  mounted  in  an  aluminum  box  as  shown  in  Figure  3-5*  Here  can 
be  seen  a  variable  1000-picofarad  tuning  capacitor,  a  fixed  shunt 
capacitor,  and  a  series  tuning  inductor.  The  fixed  capacitor  and  the 
series  inductor  are  removable  so  that  other  values  may  be  substituted 
according  to  the  frequency  and  the  impedance  of  the  item  tinder  test. 

It  would  ordinarily  be  assumed  that  both  the  series  inductor 
and  the  shunt  capacitor  would  have  to  be  variable  in  order  to  allow  for 
the  normal  variation  in  resistance  and  reactance  of  the  EED  being  tested. 
However,  it  was  found  that  the  MARK  1  MOD  0  squibs  and  the  MARK  2  MOD  0 
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FIS.  3-3.  A  TYPICAL  LUMPED  ELEMENT  HATCH *6  NETWORK 


ignition  elements  were  so  uniform  in  their  electrical  characteristics 
that  a  fixed  inductance  and  capacitance  in  combination  with  a  single 
variable  capacitor  was  enough  to  produce  an  acceptable  match  for  any 
individual  in  a  group  under  test. 

3 . 2  Firing  Mount  s 

The  mount  which  adapts  the  EED  to  the  HF  line  is  not  the 
least  important  part  of  the  system.  Mount  designs  must  insure  repeatability 
of  mounting  EED's  so  that  no  variation  in  results  can  be  attributed  to 
deficiencies  at  this  point.  Reliable  contact  between  leads  and  line 
conductors  must  also  be  assured.  It  is  for  this  latter  reason  as  well 
as  to  make  provision  for  insertion  of  a  voltage  probe,  that  a  redesign 
of  the  mount  initially  constructed  for  this  test  schedule  was  required. 
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Figure  3-6  shows  a  cross  section  of  the  mount  finally  used  to 
perform  the  tests  reported  herein.  Unique  features  of  this  mount  include 
a  collet  arrangement  to  insure  a  positive  electrical  contact  between 
the  outer  case  of  the  ignition  element  and  the  body  of  the  mount.  Figure 
3-7  shows  this  feature  more  clearly.  The  MARK  2  ignition  element  with 
the  bridgewire  exposed  can  be  seen  held  by  the  collet. 

A  voltage  probe  can  be  inserted  to  make  contact  with  the  center 
conductor,  at  a  point  close  to  the  base  of  the  element .  The  probe  is 
removable,  and  a  plug  closes  the  opening  during  actual  firing.  The  probe 
was  used  for  trials  to  measure  power  at  the  input  to  the  EED,  by  a  voltage- 
impedance  method. 

A  series  of  adaptor  parts  permit  this  mount  to  accept  the  MARK 
1  MOD  0  squib.  These  are  shown  in  Figure  3-6.  The  leads  of  the  squib 
must  be  cut  to  exact  length  rnd  shaped  before  installation  in  the  mount. 
This  is  done  with  a  special  holding  and  stripping  device,  not  shown.  A 
cut  and  dressed  squib  is  in  the  foreground  of  the  picture,  which  also 
shows  another  squib  mounted  in  the  center  conductor.  A  socket-head  screw 
is  turned  to  fasten  one  of  the  leads  in  the  center  conductor.  A  slot 
is  provided  in  the  collet  to  force  the  ground  lead  against  the  bottom 
edge  of  the  outer  case  of  the  squib.  The  collet-closer  brings  the  collet 
into  intimate  contact  with  the  bottom  circumference  of  the  squib  case. 

The  screw  that  tightens  the  center  conductor  is  reached  by  a  special 
wrench  inserted  through  a  hole  in  the  main  body  of  the  mount.  The 
complete  assembly  with  squib  in  place  is  shown  in  Figure  3-9. 

3«3  Output  Indicator  And  Power  Supply  for  Clairex  Cell 

A  Triplett  multimeter,  Model  63O,  may  be  used  for  indication 
of  the  resistance  of  the  Clairex  404  photocell.  When  set  on  the  X100.Q00 
ohms  scale,  this  meter  indicates  500,000  ohms  mid-scale.  With  the 
Clairex  cell  about  l/16-inch  above  a  squib  or  ignition  element  bridgewire 

t 
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FIG.  3-8.  ADAPTER  PARTS  FOR  ACCOMMODATING  MARK  I  ¥000  SQUIB 
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FtS.3->0.  CLAIRE X  CELL  OUTPUT  INIDICATOR  AND  POWER  SUPPLY 


this  would  correspond  to  a  dull  red  glow  of  the  bridgewire.  Anticipating 
the  need  for  greater  sensitivity,  we  developed  an  improved  meter  system. 

Initial  firings  indicated  that  the  50%  fire  level  could  be 
considerably  below  a  dull  red  glow  of  the  bridgewire.  To  facilitate  tests 
at  these  lower  power  levels,  we  designed  a  combined  photocell  power  supply 
and  output  indicator,  specifically  for  use  with  the  Clairex  cell.  Figure 
3-10  is  a  view  of  this  instrument.  A  photocell  in  a  housing  attached  to 
the  firing  mount  can  be  seen  connected  to  the  instrument  by  a  shielded 
cable.  A  seven-inch  50-microampere  meter  is  used  as  an  indicator. 

Although  the  instrument  functions  as  a  high  resistance  bhmmeter,  there 
is  no  necessity  for  calibrating  the  scale  in  ohms.  The  original 
calibration  of  the  scale  confined  with  observation  of  the  range  dial 
setting  (1  to  10)  is  all  that  we  need.  Description  of  the  electronic 
circuit  follows. 
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F!0.  J-//.  SCHEMATIC  DIAGRAM-  CLAIREX  CELL  OUTPUT  INDICATOR  AMD  POWER  SUPPLY 

When  the  multimeter  is  used  and  set  to  the  X1QO.OOO  ohm  resistance 
scale,  a  30  volt  battery,  an  indicating  meter,  and  a  series  resistor  to 
limit  current  to  60  microamperes  constitute  the  essential  elements  of 
the  circuit.  Such  a  circuit  can  be  made  to  measure  higher  values  of 
unknown  resistance  if  the  battery  voltage  is  increased  to  say,  90  volts, 
and  the  series  resistance  increased  accordingly. 

The  instrument  we  designed  to  replace  the  multimeter  is 
essentially  a  regulated  power  supply  and  an  ohmmeter  circuit.  Details 
of  the  circuit  are  shown  in  the  schematic  diagram  Figure  3“H •  The 
regulated  power  supply  is  a  conventional  supply  with  an  052  gas-tube 
voltage  regulator.  The  output  across  this  tube  is  approximately  107  volts. 
Rj  is  a  series  rheostat,  which  is  adjusted  to  give  a  voltage  drop  of 
exactly  100  volts  across  the  precision  voltage  divider  to  R^. 
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The  voltage  divider,  consisting  of  ten  precision  wirewound 
resistors  of  500  ohms  each,  draws  a  constant  20  mllliampere  current  from 
the  100  volt  supply.  Voltages  from  10  to  100  volts,  in  steps  of  10  volts, 
are  selected  by  the  range  switch  S2>  Series  resistors  R^  to  are  so 
chosen  as  to  cause  the  "calibration"  current  to  be  50  microamperes  at 
each  range.  When  the  switch  is  thrown  to  "Calibration  Check"  position, 
the  Clairex  cell  is  shorted  out  and  the  meter  will  read  50  microamperes 
+  1#  on  all  ranges.  The  first  range  position,  S2  set  to  R^,  is  considered 
to  be  the  reference  position.  is  adjusted  so  that  the  meter  reads 
exactly  50  microamperes  or  full  scale  when  is  on  CAL.  check  and  the 
range  switch  is  on  range  1.  All  other  ranges  will  then  be  automatically 
adjusted  to  within  1%,  which  is  the  tolerance  of  the  resistors  used. 

The  value  of  20  milliamperes  for  the  current  through  the  voltage 
divider  was  chosen  to  provide  a  maximum  loading  effect  of  0.k%  when  the 
meter  is  indicating  over  the  range  of  zero  to  50  microamperes. 

Voltage  ranges  of  10  to  100  volts  in  steps  of  10  were  chosen 
in  place  of  normal  scales  IX,  10X,  100X,  etc.,  because  steps  of  10  volts 
are  more  practical  for  our  special  application.  When  used  bn  the  highest 
range,  the  meter  is  capable  of  indicating  bridgeware  heat~about  U0%  below 
a  dull  red  glow.  The  meter  will  then  indicate  at  about  mid-scale  or  25 
microamperes.  This  unit  is  a  considerable  improvement  over  an  ordinary 
multimeter  for  indication  of  photocell  resistance. 

3.4  Calorimetric  Power  Reference  Source 

A  Hewlett-Packard  Model  434A  calorimetric  power  meter  was 
obtained  as  an  RF  reference  standard  for  this  program.  This  meter  was 
selected  for  several  reasons.  First,  it  has  several  ranges,  from  10 
mw  full  scale  to  10  watts  full  scale.  The  power  levels  at  which  the 
MARK  1  MOD  0  squib  and  the  MARK  2  MOD  0  ignition  element  are  expected 
to  fire  should  fall  within  these  ranges. 
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FIG  3-12.  SIMPLIFIED  CIRCUIT  OF  HP  MODEL  4344  CALORIMETRIC  POWER  SUPPLY 

Second,  the  calorimetric  power  meter  can  be  calibrated  simply 
by  substituting  an  equivalent  dc  power  for  the  HF  power.  This  dc  power 
can  be  accurately  measured  with  instruments  whose  calibration  is 
certified  by  the  Bureau  of  Standards.  The  overall  accuracy  of  the 
calorimeter  can  be  held  within  +  25?  of  the  full  scale  reading  when  special 
calibration  techniques  are  employed . 

Basically,  the  434A  power  meter  consists  of  a  balanced  bridge 
circuit  which  becomes  unbalanced  when  applied  KF  power  heats  one  branch. 

An  error  voltage  produced  by  this  unbalance  is  amplified  and  fed  back 
to  the  bridge,  bringing  it  back  into  balance.  Figure  3-12  shows  a 
simplified  diagram  of  the  power  meter's  circuit.  The  input  head  consists 
of  a  50-ohm  resistive  termination  for  the  RF  input  and  a  thermistor,  which 
is  a  temperature  sensitive  resistor  in  close  proximity.  A  flow  of  oil 
over  these  elements  maintains  them  at  the  same  temperature.  The  compari¬ 
son  head  is  constructed  in  the  same  way.  The  temperature  sensitive 
resistors  are  in  adjacent  legs  of  an  audio  frequency  bridge  circuit.  RF 
power,  when  dissipated  in  the  terminating  resistor,  will  raise  the 
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temperature  of  the  thermistor,  causing  the  bridge  to  become  unbalanced. 
An  error  voltage,  produced  by  this  unbalance,  is  amplified  and  fed  back 
into  the  comparison  head  load  resistor.  The  power  dissipated  in  this 
resistor  causes  the  bridge  to  become  balanced.  A  meter  movement  is 
connected  to  this  feedback  circuit  and  is  deflected  by  an  amount  pro¬ 
portional  to  the  power  required  to  rebalance  the  bridge.  To  eliminate 
zero  drift  and  maintain  stability,  the  oil  flowing  in  the  input  and 
comparison  heads  is  passed  through  a  heat  exchanger  prior  to  entering 
the  heads.  This  maintains  both  heads  at  the  same  temperature  initially. 
A  series  flow  system  is  used  so  that  the  flow  rates  in  the  heads  are 
identical . 


A  100  mv  +  15?  dc  power  supply  is  provided  with  the  calorimeter. 
When  the  instrument  is  calibrated  with  this  supply  the  overall  accuracy 
of  the  instrument  is  within  +  5%  of  full  scale.  This  error  includes 
HF  and  calibration  losses  but  does  not  include  mismatch  losses  which 
might  occur  between  the  system  being  evaluated  and  the  HF  input  head. 

The  accuracy  of  the  power  meter  can  be  greatly  improved  by  calibrating 
at  the  same  level  as  the  HF  power  to  be  measured.  In  this  way  the 
power  meter  serves  only  as  a  transfer  instrument  and  errors  due  to  dif¬ 
ferences  in  range  settings  and  meter  tracking  errors  are  eliminated. 

To  do  this  a  variable  dc  power  supply  of  high  stability  is  necessary. 

The  power  produced  by  this  supply  may  be  accurately  measured  by  the 
following  technique. 

The  RF  input  termination  resistor,  with  a  nominal  value  of 
50  ohms,  may  differ  from  this  by  as  much  as  +  5  ohms.  A  calculation 
of  power  based  on  the  input  voltage  and  the  load  resistor  would,  therefore, 
be  in  considerable  error  unless  the  value  of  this  resistor  were  accurately 
measured  at  each  input  power  level.  The  error  produced  by  changes  in 
this  resistor  may  be  reduced  greatly  by  the  following  method.  A  precision 
50  ohm  resistor  (R8)  1b  placed  in  series  with  the  load  resistor  (1^)  as 
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shown  in  Figure  3-13*  The  voltage 
is  now  measured  across  the  series 
combination  of  the  two  resistors. 
Power  dissipated  in  the  load  (R^) 
may  now  be  computed  as  follows: 

(3-1) 


m.  3-/3.  DtAQRAM  OF  CALORIMETER 
CALIBRATOR  CIRCUIT 


and 


(3-2 


therefore 


(3-3) 


The  change  in  load  power  (P^)  as  changes  from  40  to  60  ohme  is  plotted 
in  Figure  3-14 <  As  indicated  in  the  plot,  a  change  in  R^  of  +  5  ohms 
from  the  nominal  value  of  50  ohms  changes  the  power  dissipated  in  R^  by 
less  than  0.3^.  Therefore,  to  measure  P^,  accurately,  all  we  need  do  is 
measure  the  voltage  across  the  series  combination  and  compute  the  power 
from  equation  3-3 >  using  the  nominal  value  of  R^,  since  changes  in  this 
resistance  produce  negligible  error.  However,  since  the  power  is  a  func¬ 
tion  of  the  voltage  squared,  this  voltage  must  be  measured  to  an  accuracy 
twice  that  of  the  accuracy  required  for  P^.  Ejr  employing  a  precision 
potentiometer  calibrated  against  a  standard  cell  we  should  be  able  to 
compute  the  dc  calibration  power  to  within  +  1%. 
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FIG.  3-14.  CHANGE  IN  LOAD  POWER  FOR  CHANGE  IN  LOAD  RESISTANCE 


4.  DETERMINATION  OF  SYSTEM  LOSS  FACTOR}  SYSTEM  CALIBRATION 

The  total  power  entering  a  completely  matched  RF  system  can  be 
accurately  measured  by  conventional  means.  The  RF  power  arriving  at  the 
exposed  bridgewire  of  an  EED  can  be  detected  as  explained  in  Section  2.3* 

If  there  is  no  significant  attenuation  caused  by  the  base  of  the  element, 
we  may  reasonably  assume  that  the  system  loss  is  equal  to  the  total  power 
entering  the  system  minus  the  power  absorbed  in  the  bridgewire . 

System  calibration  is,  therefore,  performed  on  the  equipment 
after  it  is  assembled  in  preparation  to  fire  the  test.  Figure  4-1  shows  the 
general  form  of  our  firing  systems;  although  the  physical  character  of 
the  separate  components  may  vary  with  frequency,  their  function  remains 
fixed.  The  procedure  for  calibration  is  as  follows: 
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A  number  of  EED's  from  the  lot  to  be  evaluated  are  etrlpped 
of  their  exploeive  charge  to  expose  the  bridgevrlre.  One  of  these  is 
mounted  as  a  termination,  with  the  photocell  fixed  to  respond  to  the 
bridgewire  illumination.  The  matching  section  is  adjusted  to  give  the 
best  possible  match,  indicated  by  a  minimum  deflection  of  the  galvanometer 
which  responds  to  the  reflected  power  out  of  the  dual  directional  coupler. 
KF  power  is  then  adjusted  to  give  a  reasonable  photocell  indication 
(500  Kilohm,  read  by  the  multimeter,  was  standard  for  all  calibrations 
made  in  this  series).  The  magnitude  of  this  KF  power  is  determined  by 
switching  the  generator  output  into  the  calorimeter  power  meter.  The 
firing  mount  and  photocell  fixtures  are  then  removed  from  the  KF  system 
and  connected  to  a  dc  power  source.  DC  power,  measured  by  use  of  a 
Leeds  and  Northrop  K-2  potentiometer,  is  adjusted  to  give  the  same 
photocell  response  as  was  noted  for  the  RF  input  (500  Kilohms).  The 
ratio  of  the  KF  to  dc  power  magnitudes  averaged  for  the  number  of  EED's 
prepared  for  this  purpose  is  taken  as  the  system  calibration  (efficiency) 
factor. 

Table  4-1  gives  the  results  of  system  loss  factors  determined 
for  ignition  elements  intended  for  use  in  this  series  of  tests.  The 
data  from  which  these  values  are  obtained  are  included  in  Appendix  A . 

Table  4-1 

SYSTEM  LOSS  FACTORS 

Frequency  System  Loss  Factor 

ftfc) _  mark  i  s^  W  2  mod  o 


5 

0.948 

0.696 

30 

0.718 

0.449 

250 

0.810 

0.412 

1000 

0.514 

0.560 
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As  stated  earlier,  the  same  basic  system  was  used  for  each  calibration. 

Why  then  are  not  the  loss  factors  identical?  First,  because  the  matching 
system  for  5  and  30  He  is  a  lumped  parameter  network,  whereas  that  for 
200  and  1000  Me  is  the  stub  and  line-stretcher  tuner.  Second,  for  any 
system  we  would  expect  the  loss  to  increase  as  frequency  is  increased, 
and  as  the  load  impedance  departs  from  50  ohms.  Except  for  the  HARK  2 
MOD  0  loss  factor  at  1000  Me,  the  data  bear  out  these  expectations. 

5.  RF  SENSITIVITY  TESTS  OF  MARK  1  SQUIB  AND 
MARK  2  IGNITION  ELEMENT 

Both  the  squib  and  the  ignition  element  have  been  evaluated 
for  sensitivity  at  frequencies  of  5,  30,  250,  and  1000  Me.  Tests  were 
non  in  accordance  with  the  Bruceton  Plan, ^  and  100  of  the  devices 
were  expended  in  each  teat  to  insure  a  reasonable  confidence  level.  The 
sample  group  of  each  item  was  taken  from  a  single  production  lot.  Two 
large  lots  one  of  each  item,  were  selected,  so  as  to  avoid  the  chance 
of  a  wide  lot-to-lot  deviation. 

The  firing  systems  were  carefully  calibrated  for  system 
efficiency  as  discussed  in  the  previous  section.  Accordingly,  data  are 
given  as  input  power  to  the  bridgewire  for  various  probabilities  of 
functioning.  On  the  assumption  that  power  loss  in  the  base  of  the 
element  is  negligible  within  the  frequency  span  of  the  tests,  we  may 
construe  the  data  to  be  equally  representative  of  power  input  to  the 
base  of  the  element.  Recognizing  that  the  loss  of  the  base  plug  will 
become  more  significant  as  frequency  increases,  we  are  led  to  be 
moderately  suspicious  of  the  data  given  for  1000  Me. 

Results  of  the  firing  evaluations  are  given  in  Table  5-1; 
raw  data  and  calculations  are  appended.  The  appearance  of  two  sets  of 
data  for  MARK  2  MOD  0  elements  evaluated  at  30  Me  warrants  some  explanation. 
Those  results  tabulated  at  the  bottom  of  the  table  were  obtained  first. 

(l)  For  a  description  of  the  Bruceton  Plan  and  the  manner  in  which  data  are 
reduced  therefrom  see:  AMP  Report  No.  101.12  "Statistical  Analysis  for 
a  New  Procedure  in  Sensitivity  Experiment,"  July  1944. 
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A  comparison  of  th«  50 %  level  to  other  data  which  was  available  at  the 
time  indicated  a  difference  much  greater  than  had  been  anticipated. 

A  study  led  to  the  discovery  that  the  items  used  in  this  test  were 
inadvertently  taken  from  a  second  lot  of  elements  in  storage.  Repeating 
the  test  with  devices  from,  the  lot  reserved  for  this  program  produced 
the  data  tabulated  in  its  proper  order.  These  two  sets  of  data  indicate 
the  order  of  magnitude  of  the  lot-to-lot  variations  that  were  eliminated 
from  our  results  by  working  with  a  single  lot. 

Calculations  made  with  dc  firing  data  indicate  that  the  mean 
firing  (50*)  level  for  the  MARK  1  squib  and  the  MARK  2  ignition  element, 
expressed  as  power,  should  be  0.09  and  0.9  watts  respectively.  The 
results  of  calculated  power  to  the  bridgewire  given  in  Table  5-1  confirms 
our  long-held  belief  that  the  inherent  (bridgewire  mode  of  power  application) 
sensitivity  of  a  hot-wire  bridged  device  is  adequately  defined  by  its 
dc  sensitivity  for  frequencies  below  1000  Me.  As  frequency  is  increased 
beyond  this  point  we  can  expect  a  significant  difference  between  RF  and 
dc  power  sensitivity.  The  data  at  1000  Me  determined  in  this  program, 
particularly  that  for  the  MARK  2  MOD  0  ignition  element,  indicate  that 
differences  between  RF  and  dc  sensitivity  may,  for  some  devices,  show 
up  at  a  lower  frequency. 

Evaluations  at  frequencies  up  to  and  including  10,000  Me  were 
initially  planned  to  be  a  part  of  this  program.  However,  technical 
problems  had  to  be  resolved  to  allow  power  at  the  input  of  the  device  to 
be  measured  with  a  precision  comparable  to  that  of  the  data  already 
presented.  It  became  apparent  that  these  solutions  could  not  be  obtained 
under  the  limitations  of  the  present  program.  Consequently  no  firings 
above  1000  Me  were  performed.  The  data  for  the  sensitivity  of  the  MARK 
2  MOD  0  ignition  element  must  therefore  be  accepted  at  face  value  only. 

No  plausible  explanation  can  be  given  for  its  deviation  until  firings 
performed  at  higher  frequencies  are  available  to  establish  a  trend. 
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6.  CONCLUSIONS  AND  RECOMMENDATIONS 

With  the  completion  of  Bruceton  tests  at  5,  30,  250  and  1000 
megacycles,  we  are  in  a  position  to  draw  limited  conclusions  regarding 
the  sensitivity  of  the  MARK  2  ignition  element.  The  loss  in  the  base 
of  this  item  is  considered  to  be  negligible  at  frequencies  of  1000 
megacycles  and  below.  Therefore,  the  figure  obtained  for  sensitivity 
at  the  bridgewire  is  the  sensitivity  at  the  base  of  the  item.  The  average 
sensitivity  of  the  MARK  2  element  over  the  range  of  5,  30,  250  and  1000 
megacycles  is,  then,  0.893  watts.  This  figure  corresponds  very  closely 
with  the  dc  firing  level,  which  for  a  10  second  pulse  is  0.9  watts. 

Bruceton  tests  have  also  been  completed  for  the  MARK  1  MOD  0 
squib  at  these  same  frequencies.  The  loss  in  the  base  of  the  squib  using 
negligible,  we  may  give  a  tentative  figure  of  0.0910  watts  for  the 
sensitivity  of  this  item.  The  equivalent  dc  sensitivity  of  this  item, 

0.09  watts,  is  as  we  would  expect  very  close  to  the  RF  value. 

While  a  considerable  part  of  the  original  aims  of  the  program 
were  accomplished,  several  unforeseen  complications  arose  during  the  study. 
It  should  be  understood,  that  the  attention  given  these  complications 
has  in  nearly  every  case  further  extended  the  present  state  of  knowledge 
in  this  field.  These  compli cations  can  be  divided  into  two  major 
categories;  RF  power  detection  at  the  base  of  the  EED,  and  impedance 
matching . 

With  regard  to  power  detection,  it  was  indicated  from  the 
preliminary  studies  that  vacuum  thermocouples  of  varying  resistances 
could  be  used  to  obtain  a  calibration  of  the  system  losses  as  a  function 
of  terminating  resistance.  However,  while  this  still  remains  a  pos¬ 
sibility,  it  was  found  that  the  mounted  thermocouples  represented 
impedances  that  were  so  different  from  the  actual  EED's  that  it  was 
decided  to  go  to  a  different  system.  We  now  use  for  the  lower  frequencies 
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a  photo  detector  which  detects  the  energy  dissipated  in  the  bridgewlre. 

This  systsm  works  very  well  at  the  lower  frequencies,  but  is  valid  only 
as  long  as  the  RF  energy  is  dissipated  entirely  in  the  bridgewire  and  there 
is  no  direct  RF  interaction  with  the ■ detector .  Both  of  these  points  are 
questionable  at  high  frequencies. 

The  more  direct  and  most  useful  approach  to  this  problem  is  to 
determine  the  power  directly  at  the  base  of  the  plug.  However,  this  is 
more  difficult  to  do,  but  additional  study  should  lead  to  practical 
solutions . 

With  regard  to  matching  techniques,  great  strides  have  been 
made.  It  was  determined  during  this  study  that  system  losses  are  almost 
entirely  functions  of  the  degree  of  mismatch  between  the  generating 
syetem  and  the  termination,  and  the  physical  length  of  the  system  from 
the  matching  device  to  the  EED.  For  the  tremendous  mismatches  which 
normally  occur  between  a  typical  50  ohm  system  and  an  EED  these  losses 
can  become  quite  large;  so  large  in  fact,  that  situations  can  occur  which 
make  it  impossible  or  extremely  difficult  to  obtain  a  match.  A  limited 
theoretical  development  indicated  that  present  commercially  available 
matching  systems  were  not  adequate  and  pointed  out  the  necessary  direction 
in  which  to  go  to  develop  more  effective  matching  devices.  These  devices 
have  subsequently  been  developed  and  proven  in  use.  This  then  brings  us 
to  the  final  status  of  the  contract.  At  this  time  the  following  items  have 
been  accomplished . 

a) .  Development  of  precision  firing  instrumentation  for 

all  four  frequencies  (5,  30,  250,  1,000  Me)  applicable 
to  hot-wire  bridged  EED’s  having  negligible  loss  in 
their  base. 

b) .  Development  of  system  loss  calibration  techniques  for 

this  same  frequencies,  and  actual  calibration  of  these 
firing  systems. 
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c) .  Development  of  refined  matching  systems  for  the 

frequencies  stated. 

d) .  Successful  precision  firing  tests  for  both  the  MARK 

1  MOD  0  squib  and  the  MARK  2  MOD  0  ignition  element 

at  the  frequencies  stated. 

Included  in  the  scope  of  this  contract,  but  not  completed, 
were  tests  at  3  and  10  Gc.  Because  of  the  great  number  and  complexity  of 
problems  that  arose  during  the  performance  of  the  work  documented  herein, 
it  was  not  possible  to  perform  these  tests  within  the  limitations  of  this 
program.  Additional  problems  requiring  more  intensive  study  than  could 
be  supported  by  this  program  were  envisioned.  It  was  concluded,  therefore, 
that  these  would  be  deferred  to  a  subsequent  investigation. 

On  the  other  side  of  the  balance,  the  solutions  to  the  many 
unpredicted  problems  encountered  in  this  investigation  have  yielded 
knowledge  of  considerable  future  value. 

Though  much  has  been  learned  during  the  performance  of  this  work 
still  more  is  to  be  learned.  Means  to  provide  this  same  sort  of  reliable 
test  data  at  3  and  10  Gc  (or  higher)  must  be  developed.  Likewise,  in 
view  of  the  evaluations  of  "RF  protected"  squibs  and  fixes,  some  thought 
must  be  given  to  the  manner  in  which  these  will  necessitate  altering  the 
technique  proposed  in  this  document. 

Finally,  many  areas  of  potential  hazard  have  been  seemingly 
ignored  in  this  study.  Some  thought  should  be  given  to  "precision 
firings,"  to  determine  the  sensitivity  of  EED's  to:  (l)  pulsed  RF  signals, 
(2)  lead-to-case  functioning,  and  (3)  plug  heating  leading  to  cook-off. 

More  important  than  the  mere  evaluation  of  these  functioning  modes  is  the 
thought  of  investigating  their  interrelation  one  to  another.  Seme  evidence 
gained  in  years  of  RF  testing  suggests  that  pulsed  signals  of  average  power 
content  much  less  than  that  required  of  a  dc  signal  can  induce  a 
functioning  of  some  EED's.  To  know  why  and  how  this  is  accomplished  (if 
it  is  indeed  so,  and  not  merely  an  unwarranted  conclusion)  is  to  have 
knowledge  of  significant  application  to  the  HERO  effort. 
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SYSTEM  CALIBRATION  DATA 

MARK  1  MOD  0  SQUIB . A1-A4 

MARK  2  MOD  0  IGNITION  ELEMENT . A5  -  A9 
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APPENDIX  B 


BRUCETON  DATA 


MARK  1  MOD  0  SQUIB . B1  -  B8 

MARK  2  MOD  0  IGNITION  ELEMENT . B9  -  B18 
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C.  RF  TESTS  Ml  SIMULATED  MARK  2  MOD  0  IGNITION  EIEMENTS 
FROM  DENVER  RESEARCH  INSTITUTE 

During  the  performance  of  this  program  the  Denver  Research 
Institute  delivered  to  us  28  simulated  MARK  2  MOD  0  ignition  elements. 

These  simulators  consist  of  the  standard  MARK  2  MOD  0  assembly  complete 
through  the  bridgewires,  with  a  thermocouple  substituted  for  the  explosive. 
The  elements  were  divided  into  four  groups  according  to  the  spacing  of 
the  thermocouples  above  the  bridgewires.  The  MARK  2  MOD  0  element  has 
two  paralleled  bridgewires.  The  simulated  elements  have  two  thermocouples 
designated  A  and  B  -  one  for  each  of  the  parallel  bridgewires.  The 
spacings  previously  referred  to  are:  very  far  (VF),  far  (F),  medium  (M), 
and  close  (C). 

Tests  were  conducted  at  5,  30,  250  and  1000  megacycles.  These 
tests  have  shown  that  the  simulated  elements  have  an  increase  in 
thermocouple  output  as  frequency  is  raised  from  5  to  1000  megacycles. 

In  some  cases  the  output  is  considerably  more  than  doubled,  over  this 
frequency  range.  At  5  megacycles,  however,  the  output  tends  to  level 
off  to  the  dc  value. 

Data  for  millivolt  output  versus  frequency  are  given  in 
Table  C-l.  The  simulators  were  all  tested  in  the  same  RF  systems  used 
for  the  Bruceton  tests  of  the  complete  MARK  2  MOD  0  ignition  elements. 

Input  power  was  set  at  the  50$  mean  fire  level. 

Curves  showing  output  as  a  function  of  frequency  for  a  limited 
number  of  simulators  from  the  group  of  28  are  plotted  in  Figures  C-l  and 
C-2. 

A  few  of  the  DRI  simulators  were  also  tested  with  dc  power 
applied  to  the  bridgewires.  The  output  was  a  linear  function  of  dc  input 
Figure  C-3  displays  this  relationship. 
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Table  C-l 

RF  TESTS  AT  FRANKLIN  INSTITUTE  ON  DRI  SIMULATED 
MARK  2  MOD  0  IGNITION  ELEMENTS 

_ Thermocouple  -  Millivolt  Output 

5  Me  SO  Me  2 SO  Me  1000  Me  Between 

Element  Thermocouple  Thermocouple  Thermocouple  Thermocouple  Thermocouple 


Number 

A 

B 

A 

B 

A 

B 

A 

B 

and  Bridsewlre 

761 

5.18 

1.88 

5.3 

1.6 

7-3 

5.6 

11.0 

5.2 

very  far 

763 

6.55 

3.90 

7.1 

1.4 

9.7 

4*4 

16.2 

10.0 

very  far 

764 

5.9 

5-05 

6.0 

5.3 

5.8 

5.2 

8.65 

9.0 

very  far 

766 

6.0 

8.9 

6.4 

9-4 

8.0 

8.9 

8.2 

10.8 

very  far 

767 

cut 

open 

7.8 

6.6 

9.5 

9.2 

12.0 

13.1 

very  far 

715 

6.10 

5-40 

6.05 

5.7 

6.0 

5.6 

3-5 

3.28 

Far 

724 

0 

9.6 

0 

9.6 

7.9 

10.0 

0 

13-7 

Far 

728 

2.65 

2.4 

2.55 

2.5 

2.7 

2.7 

3-35 

3-1 

Far 

729 

3-6 

3.7 

3.4 

3-45 

4.0 

4.0 

5.5 

5.9 

Far 

730 

3-44 

1.55 

3-22 

1.44 

3.6 

1.8 

4.3 

2.78 

Far 

733 

6.00 

3.2 

5.81 

3.1 

11. C 

4.5 

11.4 

9.0 

Far 

736 

3-2 

4.0 

3.30 

4.05 

4.3 

4.2 

6.21 

5.0 

Far 

740 

5.58 

3.3 

5.70 

3-35 

6.4 

4.1 

7.66 

8.1 

Far 

716 

6.6 

8.1 

6.3 

7.6 

6.7 

7.7 

7.41 

10.8 

Medium 

717 

12.1 

10.8 

12.0 

11.8 

18.0 

15.0 

16.0 

0 

Medium 

719 

7.55 

0 

7.8 

0 

8.5 

15.8 

10.2 

0 

Medium 

732 

11.1 

10.7 

10.8 

10.8 

10.5 

13-7 

10.3 

16.0 

Medium 

734 

7.2 

6.43 

6.8 

6.3 

9.4 

7.8 

8.0 

13.0 

Medium 

735 

0 

4.25 

0 

4.7 

13.5 

5.2 

0 

9.8 

Medium 

742 

8.6 

2.9 

8.6 

2.9 

11.3 

5.2 

14.4 

10.9 

Medium 

714 

7.7 

3.6 

7.6 

3-75 

10.8 

7.0 

13.8 

7.4 

Close 

718 

4.7 

5.45 

4.8 

5.10 

5.0 

5.2 

5.9 

6.0 

Close 

721 

13.4 

10.5 

13.2 

3.55 

16.6 

9.2 

18.5 

10.0 

Close 

727 

Cut 

open 

0 

0 

0 

4-0 

0 

11.0 

Close 

731 

7.05 

0 

6.8 

0 

6.9 

12.6 

9.0 

0 

Close 

737 

3.15 

6.2 

3.15 

5-9 

6.0 

8.5 

Not  Measured 

Close 

738 

8.6 

7.8 

8.3 

7.8 

11.5 

9.4 

Not  Measured 

Close 

741 

9.1 

7.9 

8.8 

8.2 

11.5 

11.5 

Not  Measured 

Close 

C-2 


OUTPUT  (mv)  THERMOCOUPLE  OUTPUT  (my)  THERMOCOUPLE  OUTPUT  (mv) 
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